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Outline

• RHICf physics	targets
- Cross	section	measurement	for	CR	physics
- Single-spin	asymmetry	of	forward	particles

• RHICf experiment
• Progress	since	last	PAC	– discussions	with	STAR	–
• Beam	Use	Request	for	RUN17
- Expected	statistics
- Backup	scenario	with	vertical	polarization

• Summary

2



Cross	section	measurements	for	CR	physics
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FIG. 5. (color online). Experimental combined pz spectra of the LHCf detector (filled circles) in p+ p collisions at
p
s = 7TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions of hadronic interaction models
are shown for comparison (see text for details.)
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FIG. 6. (color online). Experimental pT spectra of the LHCf detector (filled circles) in p + p collisions at
p
s = 2.76TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions from hadronic interaction models
are shown for comparison (see text for details.)

Cross	section	of	forward	𝜋0 production	
measured	by	LHCf at	√s=7TeV

• RHICf uses	one	of	the	LHCf detectors
• RHIC	configuration	allows	almost	same	xF-pT coverage	to	the	LHCf 7TeV	data	(xF=2pZ/√s)
• √s	dependence	 in	forward	hadron	production	can	be	understood	with	a	wide	√s	reach3

LHC	7TeV
RHIC	510GeV

1014 1017

Air	shower	analysis	relies	on	MC	
simulation	assuming	a	hadronic	
interaction	model



Single-Spin	Asymmetry	in	forward	neutrons

• First	discovered	at	RHIC	IP12	experiment	
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SSA	of	forward	neutron	production

5

240 nb!1. A ZDC energy cut was required to select
40–120 GeV in the measured energy.

The raw measured asymmetry !Nð"Þ divided by the
polarization are fitted to a sine:

Að"Þ ¼ AN sin ð"!"0Þ; (11)

where "0 allows a deviation of the maximum asymmetry
axis from vertical.

In the present analysis, we used only the south ZDC
detector, which faces the yellow beam. The forward neu-
tron asymmetry uses the polarized yellow beam and sums
over the polarization states of the blue beam bunches.
Following the Basel (Ann Arbor) Convention [20], a posi-
tive AN indicates more production to the left of the polar-
ized (yellow) beam, for the polarization-up bunches in the
yellow beam. The asymmetry for neutrons produced back-
ward was measured using a polarized blue beam, summing
over the polarization states of the yellow beam bunches. In
order to follow the Basel Convention, signs of the back-
ward AN were inverted from the fitting results. A positive
AN would indicate more neutron production to the left of
the blue (polarized) beam for polarization-up bunches.

We performed two sets of simulations to estimate the
smearing parameters, C", which were correlated to
the neutron energy-dependent position resolution
(Sec. II B 1). The energy distributions for the simulation
inputs were determined in the same way as the cross
section analysis (Sec. III A).

The !Nð"Þ was smeared from the Að"Þ due to position
resolution. From Eq. (10), the smearing parameter,C", can
be evaluated from simulation as

C" ¼ AOutput
N

AInput
N

; (12)

where AOutput
N corresponds to the !Nð"Þ of the experimental

data; it includes effects of the experimental cut and the
position resolution. As AInput

N , we generated neutrons with

the sine modulated Að"Þ as Eq. (11) with AN ¼ AInput
N ¼

!0:10. The smeared amplitude was obtained as AOutput
N ¼

!0:076, and their ratio, 0.76, is the correction factor of the
smearing effect, C" ¼ 0:760% 0:015 (ZDC trigger).
For the ZDC & BBC trigger, we obtained the smearing
parameter C" ¼ 0:746% 0:016 (ZDC & BBC trigger).
For the analysis of the xF dependence of AN , we chose

bins of 40–60, 60–80, and 80–120 GeV in the measured
ZDC energy. Events with ZDC energy greater than
120 GeV were eliminated from this analysis (3.8% of the
events). Similar simulations and calculations of C" were
performed for the analysis of the xF dependence of the
asymmetry with both the ZDC trigger and ZDC & BBC
trigger.
After correction for the smearing effect, we obtain the

measured energy dependence of AN . The mean xF values
for the ZDC trigger sample and ZDC & BBC trigger sam-
ple were evaluated by the simulations which were modified
to reproduce the measured energy distributions for each
trigger sample.
The background contamination was studied by the simu-

lation with the PYTHIA event generator. In the analysis of
the xF dependence of AN , an acceptance cut of r < 3 cm
was applied.
After the neutron identification and the acceptance cut,

as described in Sec. II B 3, the neutron purities were
0:975% 0:006 for the ZDC trigger sample and 0:977%
0:010 for ZDC & BBC trigger sample. Main background
contributions were the K0 and proton. According to
the discussion in Sec. II B 3, we applied the systematic
uncertainty contributed from the proton only.
The AN of the proton background was evaluated by

calculating AN of the neutral sample and charged sample
defined by using the charged veto counter in front of the
ZDC. For each sample, we evaluated the fraction of the
neutral-particle component and the charged-particle com-
ponent with the PYTHIA simulation and calculated AN of
neutral-particle and charged-particle components. By com-
paring AN of the neutral-particle component and the neu-
tral sample (mainly neutron), we evaluated background
from AN of charged particles (mainly proton).
For ZDC trigger events, the systematic uncertainty from

the proton background was evaluated to be 3.1%. For
ZDC & BBC trigger events, it was evaluated to be 1.1%.
They were increased by the factor 1.5 estimated higher
frequency of proton background in the experimental data,
compared to simulation, to give 4.7% and 1.7%, which
were included as systematic uncertainties.
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FIG. 15. The acceptance definition for the " dependence of
!N , shown as a plot of the measured neutron position at the ZDC.
The acceptance was divided into 16 slices in a radial pattern, and
the asymmetry was calculated by the square root formula from
" ¼ !#=2 to #=2.

A. ADARE et al. PHYSICAL REVIEW D 88, 032006 (2013)

032006-12

• PHENIX	measurements	 suggest	pT scaling	of	AN
• Low	pT was	limited	by	the	1cm	position	resolution	of	

the	detector.		Neutrons	hit	near	zero	degree	was	not	
used	in	the	analysis.	

Acceptance	on	the	detector	plane

Low	pT limit

High	pT limit



Theoretical	explanation

• Pion-a1 interference:	 results
- The	data	agree	well	with	independence	
of	energy

• The	asymmetry	has	a	sensitivity	to	
presence	of	different	mechanisms,	e.g.	
Reggeon exchanges	with	spin-non-flip	
amplitude,	even	if	they	are	small	
amplitudes
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f : spin non-flip amplitude
g : spin flip amplitude

Kopeliovich,	Potashnikova,	Schmidt,	Soffer:	Phys.	Rev.	
D	84	(2011)	114012.	



SSA	of	forward	neutron	production

7

1. Measurement	at	pT<0.3GeV	in	a	single	√s
• possible	by	RHICf because	of	its	1mm	position	resolution	for	neutrons

2. Measurement	at	pT>0.3GeV	to	know	AN	evolution
• possible	by	RHICf because	of	its	wide	pT coverage	required	for	cross	

section	measurements

1



SSA	of	forward	neutron	production
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1. Measurement	at	pT<0.3GeV	in	a	single	√s
• possible	by	RHICf because	of	its	1mm	position	resolution	for	neutrons

2. Measurement	at	pT>0.3GeV	to	know	AN	evolution
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RHICf detector	acceptance

Figure 6: Beam pipe structure btween the DX magnet and the RHICf location.

assuming no beam crossing angle. Here the beam center, or neutral center, is defined as the
projection of the beam direction at the IP to the RHICf detector position. Vertical 0mm
is defined as the vertical position of the non-crossing beam center. The area indicated
in blue shows the effective aperture of the RHICf calorimeters for photon measurements,
while blue plus light blue shows the aperture for neutron measurements. This difference is
because the thickness of the beam pipe is sufficient to obscure photons, but not for hadrons.

The detector will be held by a manipulator that moves the detector vertically by remote
control. Definition of the other possible detector positions are shown in Fig.8. These
positions are assumed in Sec.4.2 to estimate the total operation time and statistics. Another
position, garage, is also defined so that the RHICf detector does not interfere the operation
of the ZDC.

3.2 Data acquisition

Each PMT signal from 32 sampling scintillators is fed to a discriminator and generates
hit signal when the pulse height exceeds a predefined threshold level. A shower trigger is
issued when any 3 successive layers generate hits and when the timing is synchronized with
a passage of a bunch directing to the RHICf detector. The hit signals are handled by a
FPGA module, there is flexibility in the event trigger. Possible options to be used are two
photon trigger with one photon in each calorimeter to enhance π0 events, deep (shallow)
shower trigger to enhance photon (hadron) events. Because of the transfer speed of the
VME system, the maximum data recording rate is limited to 1 kHz. Prescaling for events
with large cross sections will be applied. More detailed description of the LHCf trigger is
described in [14].

The trigger signal of the RHICf experiment is sent to STAR and STAR records its signal
accordingly. Once STAR accepts to record a RHICf trigger, STAR sends back a token of
the event for RHICf to identify the common event at the offline analysis. Preparation for
this data exchange is ongoing.

7

Widest	and	gapless	pT coverage	is	
realized	by	moving	the	vertical	detector	
position.

Radial	polarization	(vertical	asymmetry)	
maximizes	the	advantage	of	this	wide	
pT coverage			

87.9mm

Zero	degree

9

1.2GeV

Acceptance	 in	E-pT phase	space

Limit	by	beam	pipe

Compact	double	calorimeters	
(20mmx20mm	and	40mmx40mm)
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Progress	since	last	PAC
- agreements	with	STAR	-

• Installation	of	the	RHICf detector	 in	front	of	ZDC	at	West	side	
• Electronics/cables	setup	in	the	tunnel	and	detector	hall,	
usage	of	DAQ	room	and	control	room

• STAR/RHICf common	event	recording
- Custom	board	to	receive	STAR	event	token	at	RHICf is	ready

• Ongoing	discussions
- Online	analysis	of	radial	polarization	(detail	in	later)
- Detector	installation	timing	and	procedure
- Event	matching

• MOU	between	 STAR	and	RHICf was	exchanged	in	Jan-2016
• RHICf detector	arrived	at	the	STAR	workshop	last	month	
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Beam	Use	Request	for	RUN17

• Beam	setup	2	days
- 𝛽*=10m	to	keep	the	beams	parallel	(𝜎=1.5mm	

at	detector)		1day	
- Radial	polarization	to	access	pT>0.3GeV	in	SSA	measurement	0.3-1	day		[not	more	than	24	hours	in	

case	of	any	difficulty]

• Physics	operation			2	days
- 12	hours	data	taking	for	minimum	 success	both	

in	cross	section	and	SSA	measurements in	
parallel

• Backup
- we	hope	24	hours	data	taking	is	assured	only	

when	we	have	(recoverable)	trouble

• Timing	
- To	be	discussed,	but	not	very	early	phase
- Hope	around	May	2017

Table 1: Required beam parameters for 510GeV p+p collision.

Parameter Value

Beam energy (GeV) 255
Beam intensity 2×1011

(protons per bunch)
Number of colliding bunch 111
Number of non-colliding bunch 9
Beam emittance (mm mrad) 20
β∗ (m) 10
Luminosity (cm−2s−1) 2.0×1031

Polarization direction radial
Polarization amplitude 0.4–0.5
β∗ setup time 1 day
Radial polarization setup time 1 day
Data taking time 2 days

4.2 Data taking time and statistics

As explained in Sec.3.2, the DAQ speed of RHICf is limited to 1 kHz. A brief summary of
the RHICf trigger and luminosity optimization are

• Trigger is issued when a shower trigger is issued from any of two calorimeters (single
event).

• Single events are recorded after prescaling to enhance the photon pair events ex-
plained below.

• When a pair of (photon) showers, one in each calorimeter, is observed, the event (pair
event) is recorded without prescaling. Pairs are predominantly produced by decay of
π0 and these events are classified as Type I π0.

• When a photon pair hits a single calorimeter (Type II π0), this is recorded as a single
event.

• Luminosity is optimized to collect enough statistics of Type I π0 unless pileup affects
the measurement of single events as discussed in Sec.4.1.

Acceptances defined as trigger per inelastic collision for each category of event and the
detector position are summarized in Tab.2. In this calculation, EPOS-LHC interaction
model was used as an event generator and 70% detection efficiency was applied to the

10
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Expected	statistics	in	12	hours
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Figure 10: Expected observed spectra of Type I π0 after 1 hour (3,600M collisions) at the
detector position-1.
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Figure 11: Expected observed spectra of single events after 12 hours (2040M effective
collisions) at the detector positions-1, 2, 3.
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Table 4: Number of neutrons and statistical accuracy to determine the asymmetry obtained
in 12 hours of operation at positions-1, 2 and 3.

pT (GeV ) N (×103) δA
0.0–0.1 2,310 0.0013
0.1–0.2 2,570 0.0012
0.2–0.3 1,710 0.0015
0.3–0.4 2,190 0.0014
0.4–0.5 1,210 0.0018
0.5–0.6 1,130 0.0019
0.6–0.7 402 0.0032
0.7–0.8 260 0.0039
0.8–1.2 104 0.0062

Figure 18: RHICf expected spectra in the small calorimeter at position-0.

19

1%	stat	error/bin

Neutron	SSA
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Figure 12: Expected observed spectra of Type I π0 after 12 hours (43,200M collisions) at
the detector positions-1, 2, 3.
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Figure 13: Expected observed spectra of high energy photon events after 3 hours (10,800M
effective collisions) at the detector positions-1, 2, 3.
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• After	12	hours,	high	threshold	energy	and	EM	enhanced	
trigger	to	increase	statistics	 in	high	energy	photons	and	𝜋0

13



If	using	vertical	pol…

𝜙=0

𝜙=𝜋/2

𝜃=1.3mrad

Large	calorimeter	will	be	placed	to	cover	zero	degree
pT,max =	1.3mrad	×255GeV	=	0.33	GeV

We	lose	pT>0.3GeV,	but	still	 important	to	see	pT<0.3GeV

14
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Summary
• RHICf measures
- Cross	sections	of	forward	particle	production	for	CR	physics
- Single-Spin	Asymmetry	of	forward	particles

in	parallel	under	the	beam	condition	below
• Beam	use	request	[4	days	in	total]
- Not	in	early	RUN17,	to	be	discussed
- 255GeV	proton	beams
- 𝛽*=10m,	requires	1	day	setup	time
- Radial	polarization,	requires	another	0.3-1	day	[max	1	day]
- 2	days	for	physics

• 12	hours	for	minimum	success	for	2	physics	in	parallel
• Only	in	case	of	recoverable	trouble,	24	hours	of	data	taking	to	be	assured	even	after	4	

days		

We	thank	C-AD	and	STAR	members	 for	fruitful	discussions
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Backup
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RHICf Physics	targets

1.	Cross	section	measurement	 for	CR	physics
2.	Single-Spin	Asymmetry	(SSA)
• pT =	0	- 0.3	GeV	coverage	with	single	√s
• pT >0.3GeV	coverage	

Measurements	 up	to	pT∼1GeV	is	a	key	for	both	targets	
1. to	compare	with	the	LHCf results
2. to	improve	the	previous	results	by	PHENIX	 17
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FIG. 5. (color online). Experimental combined pz spectra of the LHCf detector (filled circles) in p+ p collisions at
p
s = 7TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions of hadronic interaction models
are shown for comparison (see text for details.)
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FIG. 6. (color online). Experimental pT spectra of the LHCf detector (filled circles) in p + p collisions at
p
s = 2.76TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions from hadronic interaction models
are shown for comparison (see text for details.)
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RHICf Experiment
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RHICf Detector

10cm	wide	gap	in	front	of	ZDC

Double	tower	structure	
(20mmx20mm	and	40mmx40mm)

92mmwx280mmlx610mmh package



Vertical	pol	vs.	Radial	pol
Best	configuration	in	V-pol
=	option	for	CR	measurements

Best	configuration	for	R-pol	
=	identical	to	CR	measurements

Asymmetry	
direction

Asymmetry	
direction

𝜙=0

𝜙=𝜋/2

𝜃=4.9mrad

𝜙=0

𝜙=𝜋/2

𝜃=4.9mrad
=>	pT,max =	1.2GeV
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𝜃=1.3mrad
=>	pT,max =	0.3GeV

𝜃=1.3mrad



Iin-Iout calculation	by	C-AD	for	
radial	polarization
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Radial	polarization	setup
• This	is	not	in	the	regular	RHIC	program

20∘

• Key	issues
1. Fast	feedback	 to	C-AD	for	current	tuning

- STAR	ZDC	count	rates	provide	real	time	determination	of	
asymmetry	and	azimuthal	angle	[next	slide]

- Under	the	luminosity	of	RHICf condition	𝛿A=0.003	and	𝛿𝜙
=3∘ in	10	min

2. (short)	Reference	measurement	with	vertical	
polarization	

3. Tolerances	defined	by	RHICf
- Residual	polarization	in	longitudinal	direction;	25∘ residual	

reduces	A	by	10%
- Azimuthal	direction	of	polarization;	20∘ still	keeps	

maximum	asymmetry	in	the	RHICf large	calorimeter
- RHICf does	not	request	more	than	24	hours	for	setup	in	

case	of	any	trouble,	in	this	case	RHICf concentrates	on	SSA	
measurement	at	pT<0.3GeV	with	vertical	polarization
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Setup	Procedure

A) Reference	data	taking	[2	hours	including	analysis]
1. 1	hour	data	taking	with	vertical	pol	to	obtain	

reference	AV	with	𝛿A=0.001

B) Confirmation	of	radial	polarization	[2-6	hours	
depending	on	iteration]
1. Radial	pol	first	trial,	1	hour	data	taking	to	

determine	Ar,1	with	𝛿A=0.001
2. If	Av	-Ar,1 >	0.004,	C-AD	checks	current	setup	and	

repeat from	B-1	

C) Fine	tuning	of	polarization	direction	𝜙0	[6	hours]
1. 10min	data	taking	with	4-5	sets	of	current	to	

determine	𝜙0,2,	𝜙0,3,	𝜙0,4,…	with	𝛿𝜙=3∘
2. Find	best	two	sets	of	current	those	result	𝜙0 ∼ 𝜋/2
3. Define	the	best	current	and	take	1	hour	of	

confirmation	data

A

𝜙

AV=0.040±0.001

𝜙

𝜙=𝜋/2

𝜙

Ar,1=0.038±0.001

𝜙

A)

B)

C1,2)

C3)
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STAR	online	polarization	analysis
STAR rotator scan March 6, 7 2013

Len Eun, Ernst Sichtermann - LBNL
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Scaling	in	interaction	model
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𝜋0 cross	section	by	EPOS-LHC	model

xF

510GeV
7TeV
100TeV

Ra
tio

	to
	5
10

Ge
V

20%	reduction	in	cross	section	 is	
predicted	from	510GeV	to	7TeV	



Scaling	measured	by	LHCf
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Figure 1: π0 spectra as a function of xF measured by LHCf at sqrts=2.76 and 7TeV [5].
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Figure 2: π0 production yields at
√
s=0.51, 7, and 100TeV predicted by the EPOS-LHC

generator.

3

• 8%	error	including	statistical	 and	systematic	 in	7TeV	result
• This	will	be	reduced	to	∼5%	soon	by	correcting	T	dependence	 in	PMT	response
• RHICf will	have	similar	total	error	


